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[ Document name ] Specification 

[ Title of Invention ] Road-Noise Reduction Liquid Agent and Injecting Apparatus Therefor 

[Claims] 

[ Claim 1] 

A road-noise reduction liquid agent being injected into a circumferentiaity continuous tire 
hollow of a tire mounted on a rim, \A/herein 

said liquid agent is an emulsion of polymer, and 

the air volume in said hollow is reduced or blocked by said liquid agent injected from a tire 
valve into said tire hollow, and thereby air resonance in said hollow is controlled. 
[Claim 2] 

A road-noise reduction liquid agent according to claim 1 , wherein said emulsion is mbber 

latex. 

[Claim 3] 

A road-noise reduction liquid agent being injected into the circumferentiaily continuous 
hollow of a tire being mounted on a rim, wherein 

said liquid agent is a foamy solution fbamable by gas, and 

the air in said hollow is reduced in volume or blocked by foam of said solution, and tiiereby 
air resonance in said hollow is controlled. 
[Claim 4] 

The road-noise reduction liquid agent according to daim 3, wherein 
tiie rate V2A/1 of the foamed volume V2 to tiie unfoamed volume V1 of said foamy 
solution is in a range of 1 .5 to 500. 
[ Claim 5 ] 

The road-noise reduction liquid agent according to daim 3 or 4, wherein said foamy 
solution is a mixed solution of water and surfactant 
[ Claim 6 ] 

An apparatijs of foaming tiie road-noise reduction liquid agent according to daim 3 and 
injecting tiie foam into the tire hollow, comprising 

a pressure-resistant container to hold the foamy solution, 

a foaming measure connected witii a high-pressure gas source for foaming and 
discharging said foamy solution, and 

a nozzle for discharging tfie foamed foamy solution and higb-pressure gas into ttie tire. 
[ Detailed Description of tiie Invention ] 
[0001] 

[ Technical Field of the Invention ] 

The present invention relates to a road-noise reduction liquid agent for being capable of 



controlling air resonance in the tire hollow, and an apparatus to inject the agent into the tire hollow 
conventionally. 

[0002] 
[Prior Art] 

"Road noise" is a roaring sound heard in the car while it is mnning on a rough road, and the 
sound often recognized particularly as such is a low frequency sound from 100 to 300 Hz. 
[0003] 

The road noise is caused by an input of vibration received fronn the road surface and being 
enhanced by resonance of tires and tiie car body finally vibrates the interior of the car. To control 
tiie road noise, tiierefore, it is necessary to control resonance of each vibrating object. 
[0004] 

Because the tire is nnade of a numt)er of materials such as rubber, code and tiie like, a 
numlDer of natijral frequency can be proved therefrom. Among tiiem, the following tiiree types of 
resonance are recognized as being closely related with Vne road noise, and can be confirmed, for 
example, by impact hammer test: 

1 . Primary resonance in the tire drcumfienential direction 

2. Resonance in the tire hollow 

3. Secondary resonance in tiie tire sectional direction 

For the above-mentioned impact hammer test an apparatus shown in Fig. 14 (A) is used, 
and the resonance received by a tire mounted on a rim being hit by an impact hammer (b) in tiie 
tread portion (a) is measured, and the conductive characteristics thereof received by the axle (c) is 
analyzed by a sensor (d) such as a tiiaxial load cell. An example of tiie test results tiiereof is shown 
in Fig. 14 (B). The tiiree peaks ®, (D and (D in Fig. 14 (B) indicate tiie primary resonance in tiie 
tire drcumferential direction, tiie resonance in the tire hollow and the secondary resonance in tiie tire 
sectional direction, respectively. 
[0005] 

It is possible to reduce tiie road noise by shifting tiie resonance point of the above- 
mentioned tiiree types of resonance to a lower level, or by shifting tiie peak fi-equency tiiereof. 
[0006] 

[ Means for Solving ttie Problems ] 

Among tiie above-listed types of resonance, "resonance in tire hollow" listed as 2 is difficult 
to improve, as it is caused by a continuous air column formed peripherally in tiie tire hollow 
surrounded by tiie tire and rim, and such air column is generated due to tiie tire stiucture itself. 

[0007] 

For tiie purpose of controlling tiie resonance in tire hollow, it is important to sever tiie 



continuity of air column by disposing a block in the tire hollow as disclosed in Japanese published 
examined application No. 7-14682. The block disclosed therein is a solid object such as the one 
shaped like a ball, \while the material thereof may be considered variously as long as it is a flexible 
material such as rubber, synthetic resin, or sponge. 
[0008] 

To dispose the block in the tire hollow, therefore, required much labor, namely, mounting 
the tire on the rim and dismounting thereof, installing the tire and rim assembly and uninstalling 
thereof, etc. which is inconvenient and the usability is greatiy impaired therefor. 
[0009] 

The present invention is proposed in view of tine circumstances stated as above, and an 
object thereof is to provide a road-noise reduction liquid agent being capable of controlling air 
resonance in tiie tire hollow, and an apparatijs for injecting tine agent into the tire hollow 
conventionally and thereby tiie usability is greatly improved. 
[0010] 

[ Means for Solving the Problems ] 

The first invention for achieving tiie above-mentioned object is a road-noise reduction liquid 
agent being injected into a drcumferentially continuous tire hollow of a tire mounted on a rim, wherein 
said liquid agent is an emulsion of polymer, and 

tiie air volume in said hollow is reduced or blocked by said liquid agent injected from a tire 
valve into said tire hollow, and tiiereby air resonance in said hollow is controlled. 
[0011] 

For said emulsion, rubber latex may be preferably used. 

[0012] 

The second invention of tiie present invention is a road-noise reduction liquid agent being 
injected into the drcumferentially continuous hollow of a tine being mounted on a rim, wherein 
said liquid agent is a foamy solution foamable by gas, and 

the air in said hollow is reduced in volume or blocked by foam of said solution, and thereby 
air resonance in said hollow is controlled. 
[0013] 

Said foamy solution may be a mixed solution of water and surfactant, for example, and 
preferably, the rate V2A/1 of the foamed volume V2 to the unfoamed volume VI of the foamy 
solution is in a range of 1 .5 to 500. 
[0014] 

The tiiird invention of tiie present invention is an apparatus of foaming tiie road-noise 
reduction liquid agent according to tiie second invention above and injecting tiie foam into tiie tire 
hollow, comprising 



a pressure-resistant container to hold the foamy solution, 
a foaming measure connected with a high-pressure gas source for foaming and 
dischanging said foamy solution, and 

a nozzle for discharging the foamed foamy solution and high-pressure gas into the tire. 

[0015] 

[ Embodiments of the Invention ] 

An embodiment of the present invention will now be described in detail in conjunction wrth 
the accompanying drawings. 

Fig. 1 shows a tire meridian section of the tire and rim assembly 1 . In the drawing, a 
pneumatic tire T comprises a carcass 6 extending from the tread portion 2 through the sidewall 
portions 3 to the bead cores 5 in the bead portions 4, and a belt layer 7 disposed in a position radially 
outside of the carcass 6 and inside of the tread portion 2. 
[0016] 

The pneumatic tire T has a so-called tubeless structure and inner surface HS thereof is 
made of an inner liner rubber layer 8 with gas impermeability. If mounted on a rim R, the tire T forms 
a circumferentially continuous annular tire hollow H surrounded by the inner surface HS and the rim 
R. 

[0017] 

And the liquid agent J 1 in the first invention is injected into the tire hollow H as shown in 
Figs. 2 (A) and (B), and the liquid agent J2 in the second invention is injected into the tire hollow H as 
shown in Fig. 4 fi^om the tire valve. 
[0018] 

The above-mentioned liquid agent J1 is liquid, so it stands still in the lower part of the tire 
hollow H. Thus, according to tiie injected volume of the liquid agent J1 , tiie circumferential continuity 
of tiie tire hollow H is partially blocked to forni a narrow part KA (as shown in Fig. 2 (A)) or fully 
blocked to form a closed part KB (as shown in Fig. 2 (B)). In either case, tiie gas flow is blocked in 
tiie tire hollow H to reduce tiie air resonance in tiie tire hollow. 
[0019] 

Here, tiie above-mentioned narrow part KA or closed part KB may be formed only if liquid, 
such as water, is used tiierein. As shown in Fig. 3 (A), (B), a closed part KB is formed when the tine 
stays still, but when tiie tire is rotating, the centrifugal force works to disperse the liquid tiierein 
circumferentially along tiie hollow surface of the tire, and as the result, tiie closed part KB cannot be 
formed, requiring much volume of liquid to be injected. To obtain tiie air-resonance reduction 
enough, the volume of tiie liquid more tiian 0.60 times tiie volume VO of tiie tire hollow H is required 
to be injected, which invites much weight increase, leading to a fuel consumption. 
[0020] 



On the contrary, in case of the emulsion of polymer as shown in Fig,5, the emulsion 
adheres to the inner surface HS and rotates with the tire rotation due to the viscosity thereof and 
hardly be dispersed. Thus, a narrow part KA or closed part KB can be formed with a less injection 
volume. Additionally, the use of emulsion of polymer is preferable for the purpose of controlling the 
generation of air resonance itself, because an excellent vibration control effect can be exhibited 
thereby, for example, vibration of ttie tread portion 2 can be absorted. 
[0021] 

Here, the injection volume V of the liquid agent J1 is preferably in a range of 0.005 to 0.6 
times the volume VO of the tire hollow H. 
[0022] 

For the emulsion of polymer, elastomers such as NBR, SBR, BR, NR, IR etc. and synthetic 
resins such as alkyd nesin, polyuretiiane resin, epoxy resin etc. can be used. Espedally, an 
emulsion of an elastomer or elastomers, namely, mbber latex is preferably used. 
[0023] 

In the liquid agent J1 , the total solid of the emulsion is preferably set in a range of from 25 
to 90. If the total solid is less than 25 parts by weight an air-resonance reduction effect obtained 
thereby is too small requiring much injecting volume exceeding tiie above-mentioned volume and as 
the result, fuel consumption will increase. If more than 90 parts by weight, injection from the tire 
valve becomes difficult which is inconvenient for the practical use. Therefore, the total solid is 
preferably set in a range of 60 plus / minus 20 parts by weight 
[0024] 

Next, Fig. 4 shows ttie case where the liquid agent J2 as referred to in the second 
invention above is injected into the tire hollow H. 
[0025] 

The above-mentioned liquid agent J2 is the foamy solution 1 0 foamable by gas. The 
foam exhibits a superior sound-absorbing effect so as to prevent the vibration of the tread portion 2 
from being transmitted to the air in the tire, or to absorb the vibration of the air in the tire itself. 
Additionally, as tiie solution increases its visual volume by being foamed, a less volume of tiie 
solution is required for injection to form the above-mentioned narrow part KA or closed part KB. 
Therefore, the tire can exhibit a superior effect of the air-resonance reduction with a minimized weight 
increase thereof. 
[0026] 

The liquid agent J2 is required to produce a foam which is durable for a long period of time. 
Therefore, rubber latex, may be machine foamed, or liquid unvulcanized mbber foam being foamed 
by foaming agent such as silicone foam, polyurethane foam, chloroprene foam, fluorocartx)n rubber 
foam, phenolic foam can be suitably used as the foamy solution 10. 



[0027] 

A mixed solution of water and surfactant may be used as the foamy solution 10. 
Preferably, a surfactant which comprises a hydrophobic group of a long straight chain and a 
hydrophilic group which is not so large and positioned at the end of the hydrophobic group and thus 
which easily foams, is used. For example, one or more kinds of anionic surfactants, e.g. cart)oxylic 
add type, sulfonic acid type, sulfuric ester type, and phosphate ester type surfactants and the like are 
used. Besides such anionic surfactants, nonionic surfactants and amphoteric surfactants and 
further chemicals other than surfactants may be used as far as they easily foam when stinted during 
rotating. 
[0028] 

Preferably, the mixed solution of water and surfactant comprises a foam stabilizer which 
improves duration of the foam. For example, proteins such as amides, hydroxylammonium, amine 
oxide, fatty acid polyhydric alcohol ester, albumin etc., hydrophilic macromolecular substances and 
the like can be used as the foam stabilizer. Thereby, once produced, the foam retains its form for a 
long period of time. 
[0029] 

Preferably, in the case of the liquid agent J2, the rate V2A/1 of the foamed volume V2 to 
the unfoamed volume V1 of the foamy solution 1 0 is in a range of 1 .5 to 500. if the rate is less than 
1 .5, the solution may not be foamed enough to reduce the air resonance effectively while controlling 
its weight increase, and it is difficult to obtain a foam with the rate exceeding 500 by chemistry. 
[0030] 

And in the case of the liquid agent J2, the injection volume V1 is preferably set in a range of 
0.001 to 0.6 times the volume VO of the tine hollow H. 
[0031] 

In order for the foam of the liquid agent J2 to retain its foam in the tire hollow H without 
being vanished by the inner pressure therein, the inner pressure of the foam is required to be as high 
as the pressure of the tire inside. 
[0032] 

For such purpose, as illustrated in Figs.6 to 8, it is desirable to use an apparatus 20 of the 
third invention as a measure of discharging the foamy solution 10 into the tire T while foaming the 
foamy solufion by a high-pressure gas source 21 under a high pressure condition. 
[0033] 

The apparatus 20 comprises a pressure-resistant container 22 which can hold the foamy 
solution 10, a foaming measure 23 of foaming the foamy solution 10 using a high-pressure gas 
source 21 , tiie measure 23 being connected with the high-pressure gas source 21 , and a nozzle 24 
for discharging tiie foamed foamy solution 10 and high-pressure gas. 



[0034] 

Here, in the apparatus 20 of the first embodiment shown in Fig. 6, the container 22 is 
provided vAOr\ a gas inlet 25 which is connected with the high-pressure gas source 21 and inject high- 
pressure gas from the gas source 21 into the container 22, and the nozzle 24 for discharging the 
foamed foamy solution 10 and the high-pressure gas into the tire T. 
[0035] 

In this example the above-mentioned high-pressure gas source 21 is a small-sized air- 
compressor and in the end of an electric cable extended therefrom, a plug 21 A to be connected to a 
DC outlet for a cigarette lighter of a car is provided. Thus, the high-pressure gas source 21 works by 
a car battery and can supply high-pressure gas (high-pressure air) of , for example, 100 to 2000 kpa, 
to the container 22 by a detachable hose 26A. 
[0036] 

The container 22 has a container body 22A which holds the foamy solution in an 
unfoamed, liquid state, and in the upper portion of the body 22A, a discharging nozzle 24 connected 
with the f re valve by a detachable hose 26B being connected with the tire T is provided. And an 
inner end 24E of the discharging nozzle 24 opens inside of the container 22 and above the liquid 
level of the foamy solution 1 0 to be contained therein. 
[0037] 

And an inner end 25E of the gas inlet 25 to which a detachable hose 26A is connected 
opens in the contained foamy solution 10. Therefore, the high-pressure gas from the high-pressure 
gas source 21 can foam the foamy solution 1 0 swiftly when discharged from the inner end 25 E of 
the gas inlet 25, and further, with the pressure of the high-pressure gas source 21 , the foam including 
the high-pressure air can be injected into the tire T together with the high-pnessure air through the 
discharging nozzle 24. In this example, therefore, the inner end 25E of the gas inlet 25 serves as 
the above-mentioned foaming measure 23. 
[0038] 

Next, Fig7 shows a second example of the apparatus 20, in which the above-mentioned 
foaming measure 23 is a spray chamber. Namely, the foaming measure 23 comprises a solution 
passageway with a spray nozzle 23A connected to the container 22, a gas passageway with a gas 
nozzle 23B connected to the high-pressure gas source 21 to spray the high-pressure gas therefrom 
against the opening surface of the spray nozzle 23A. 
[0039] 

Thus, the foamy solution 10 through the spray nozzle 23A is atomized by the high- 
pressure gas through the gas nozzle 23B, foamed by mixture with the high-pressure gas, and then 
discharged from the discharging nozzle 24 together with the high-pnessure gas. 
[0040] 



Fig.8 shows a third example of the apparatus 20. In this example, the apparatus 20 is an 
aerosol can type. The inside of the container 22 is filled \Aflth the foanny solution 1 0 mixed vA&) 
liquefied gas. The liquefied gas is not specified herein, but a mixed gas of propane and butane is 
generally used, and others generally known as liquefied gas such as chloro hydrocarbon fluoride 
may be used. In the container 22, the inner end 24E of the discharging nozzle 24 opens in the 
foamy solution 1 0. Therefore, a mixed fluid of the foamy solution 1 0 and the liquefied gas is 
discharged from the discharging nozzle 24 while foaming the solution, and the foamed solution is 
discharged in the tire T together with the high-pressure gas generated by the vaporization of the 
liquefied gas. 
[0041] 

In this example, therefore, the container 22 serves as the high-pressure gas source 21 , 
and tiie liquefied gas is used as the high-pressure gas . Additionally, the above-mentioned foaming 
measure 23 is composed of the mixed fluid of the foamy solution 10 and the liquefied gas, and the 
discharging nozzle 24 discharging the foamy solution being foamed by depressurizing tiie mixed fluid 
and vaporizing the liquefied gas. 
[0042] 

The foamy solution 10 used in the apparatus 20 is not specified as long as it is the liquid 
agent J2 disclosed in the second invention, but a mixed solution of water and surfactant, or the mixed 
solution witti a foam stabilizer added thereto may be preferably used. 
[0043] 

While the invention has been described wrtti reference to a specific embodiment, the 
description is illusti^tive of the invention and is not to be construed as limiting tiie invention. Various 
modifications and applications can occur to tinose skilled in tine art without departing from the true 
spirit and scope of tiie invention as defined by the appended clainns. 
[0044] 

[Embodiment] 
( Embodiment A) 

The following solutions A - C were injected in accordance with tiie specifications shown in 
Table 1 into a pneumatic tire witii a size of 195 / 65R15 having the structure as shown in Fig. 1 . 
Then, impact hammer test was conducted and vibration transfer fijnctions of tiie tire before and after 
tiie damper was injected were compared. In Ex. 2, the inflation of the tire and tiie injection of the 
solution were made at tiie same time using the injecting apparatus shown in Fig.6. The others were 
inflated after the solution was injected with tiie inner pressure zero. 
[0045] 

The constihjent of tiie solutions A - C are as follows: 
Solution A 



■ Surfactant ... 25 weight % ( Chemical Name: sulfite triethanolamine) 

• Water ... 75 parts by weight 

■ Foamed state V2A/1 ...19.3 
Solution B 

' Rubber latex (total solid) ... 60 parts by weight (Rubber type: SBR) 
Solution C 

• Water ... 1 00 parts by weight 
[0046] 

(1 ) Impact Hammer Test 

The sample tire was mounted on a rim (1 5 x 6J J) and an inner pressure (200KPa) was 
inflated to the tire, and then the tread portion was hit by an impact hammer and the output thereof in 
the axial force was measured using a triaxial piezo-electric load cell etc. and the correlation was 
analyzed by computer to plot vibration transfer functions. If air resonance is generated, a sharp 
peak appears around 250 Hz. 

[0047] 
[Table 1] 



tt re 


Ex.1 


EX.2 


Ex.3 


Ref .1 


Ref .2 


Type of solution 


A 


A 


B 


c 


c 


injected volume (cm3) 


5000 


10000 


1000 


500 


15000 


v/vo 


0.17 


0.34 


0.04 


0.02 


0.625 


Injected weight (g) 


500 


500 


1000 


500 


15000 


vibration transfer function 


Fig. 9 


Fi g . 10 


Fig. 11 


Fig. 12 


Fig. 13 



[0048] 



Resurts of tiie impact hammer test are shown in Fig. 9-13. It can be confirmed that the 
air resonance is largely reduced and the road noise is improved tiiereby in embodiment tires. 
Additionally, in Ex. 2, since the solution was foamed witii a high-pressure gas, the shape of the foam 
is retained for a long period of time, and ttius tine test result shows a less value of air resonance 
around tfie peak thereof, as compared to Ex. 1 . 

[0049] 
[ Effects of tine Invention ] 

Because the present invention is constiucted as described above, tine apparatus can inject 
tiie liquid agent into tiie tire hollow conventionally greatiy improving the usability tiiereof, and the liquid 
agent can reduce tiie air resonance and ttie road noise. 
[ Brief Explanation of tine Drawings ] 
[Fig.1] 

A meridian section of a pneumatic tire used for tiie present invention. 
[Fig. 2] 



Figs. (A) and (B) are longitudinal sectional views of a tire sectioned at the tire equator showing a state 
in which the road-noise reduction liquid agent of the first invention is injected. 
[Fig. 3] 

Figs. (A) and (B) are diagrams explaining tine case vjhere the water is injected in the tire hollow. 
[Fig.4] 

Longitudinal sectional views of a tire sectioned at the tire equator showing a state in which tiie road- 
noise reduction liquid agent of ttie second invention is injected. 
[Fig. 5] 

A diagram showing tine operation tiiereof. 
[Fig. 6] 

A diagram showing ttie first embodiment of tiie apparatus of the third invention. 
[Fig. 7] 

A diagram showing tiie second embodiment of the apparatus of tiie third invention. 
[Fig. 8] 

A diagram showing tine tiiird embodiment of tiie apparatus of the tiiird invention. 
[Fig. 9] 

A graphical representation of the vibration transfer function of Ex. 1 . 
[Fig. 10] 

A graphical representation of the vibration transfer function of Ex. 2 
[Fig. 11] 

A graphical representation of tine vibration tinansfer function of Ex. 3. 
[Fig- 12] 

A graphical representation of the vibration transfer function of Ref. 1 . 
[Fig. 13] 

A graphical representation of the vibration transfer function of Ref. 2. 
[Fig. 14] 

Fig. (A) is a diagram explaining the impact hammer test, and Rg. (B) is a graphical representation of 
tiie vibration transfer functions of a conventional tire tested by tiie impact hammer test. 
[ Explanation of the Reference ] 
10 foamy solution 

2 1 high-pressure gas source 

22 pressure-resistant container 

23 foaming measure 

24 discharging nozzle 
H tire hollow 

J 1 , J2 road-noise reduction liquid agent 
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[Abstract] 
[ Problem ] 

To prevent ttie air-resonance of the tire. 
[ Solving Means ] 

A road-noise reduction liquid agent made of an emulsion of polymer is injected from a tire valve into a 
tire hollow H, and thereby the air volume in the tire hollow H Is reduced or the drcumferential 
continuity of the tire hollow H is blocked to control the air resonance of the tire. 
[ Selected Figure ] Fig. 2 
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Fi g .3 (A ) 

Tire in a stationary state 

F ig.3 ( A ) 

Tire in rotation 
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Tire in rotation 
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